This paper considers the strategy employed by a buy back guarantee contract with a capital-constrained distributor and a core enterprise. The distributor faces a nonnegative random demand, and the core enterprise applies buy back guarantee contract in order to interact with the capital-constrained distributor. Mathematical model is built to get the optimal ordering quantity of the distributor and the optimal wholesale price of the core enterprise. Then sensitivity analysis of optimal ordering quantity is obtained about the wholesale price, the initial funds, and the salvage of the product. On that basis, the comparison is made between two financing modes-trade credit contract and buy back guarantee contract. In the end, a numerical analysis is illustrated. The results show that the different financing modes bring the different expected profits to supply chain system with the different initial funds, finding that the financing modes, buy back guarantee contract discussed in the paper, can create more value for supply chain system than trade credit contract.
Introduction
With the rapid development of science and technology and the coming of the information age, the relation between supply chain enterprises is unavoidable more and more close in three aspects of information flow, cash flow, and logistics. Recently supply chain management has been more and more perfect in the information flow and logistics. However, the equally important cash flow has not been synchronized with development and the related academic research is also relatively scarce. Capital constraints are a real problem that small and medium-sized enterprises (SMEs) can face when they enter the production and sales chain. Obtaining sufficient capital to finance these elements of their operations is a challenge for SMEs worldwide. Capital constraints are one of the factors that must be considered in the production operations and inventory decisions. Due to the lag of the cash flow management research, it is difficult to synchronize the logistics and information flow. In traditional supply chain research they often supposed the capital of SMEs was sufficient. Caldentey and Haugh pointed out that capital constraints were the common problem in supply chain management practice. Buzacott and Zhang [1] researched the strategy of the enterprise under capital constraints and their results were published in Management Science in 2004. This shows that the research fields were beginning to receive attention. Then Xu and Birge [2] assumed that the demand was uncertain and the market was not perfect; the joint decision problem between enterprise financing and production was discussed. They also discussed the mutual influence of the enterprise's productivity and long-term capital structure. Applying principal agent theory and the newsvendor model, Xu and Brige [3] established the model of enterprise capital structure, management incentives, and production decision. Swinney et al. [4] studied the influence of enterprise bankruptcy risk to the newly established enterprise investment decision. They chose the survival probability as the objective decision for newly established enterprise and made the comparison with the mature enterprise whose decision was the profit maximization. Li et al. [5] studied a dynamic model of coordination in an equity financed firm in which inventory and financial decisions interact in the presence of demand uncertainty, capital constraints, and a risk of default. Babich et al. [6] identified several economic and business factors that might affect the number of suppliers: supply risk, fixed costs of working with suppliers, and access to financing. Xu and Zhang [7] allowed a manufacture to offer loans and provide goods to its capital-constrained retailers in a monopoly setting. They examined whether the typical supply chain contract could achieve channel coordination. Dada and Hu [8] pointed out that when cost of borrowing was not too high, the capital-constrained newsvendor borrowed funds to procure an amount that was less than would be ideal. The lender charged an interest rate that decreased in the newsvendor's equity and they derived a nonlinear loan schedule that coordinates the channel. Gupta [9] chose the discount rate of the retailer advance payment as the sole decision variables of the supplier under the assumption of unchanged wholesale price. Lai et al. [10] examined the impact of capital constraints and investigated the supply chain efficiency under each mode. Based on a Stackelberg game with the supplier being the leader, they showed that without financial constraint the supplier always preferred the consignment mode, taking full inventory risk. They also showed that, with capital constraints, the combination mode was the most efficient mode even if the retailer earned zero internal capital. Kouvelis and Zhao [11] considered a supply chain with a retailer and a supplier: a newsvendor-like retailer had a single opportunity to order products from a supplier to satisfy future uncertain demand. Both the retailer and supplier were capital constraints and in need of short-term financing. They used the supplier early payment discount scheme as a decision framework to analyze all decisions involved in optimally structuring the trade credit contract from the supplier's perspective. Kouvelis and Zhao [12] studied a supply chain of a supplier selling via a wholesale price contract to a capital-constrained retailer who faced stochastic demand. They identified the retailer's optimal order quantity as a function of the wholesale price and his total wealth. The analysis of the supplier's optimal wholesale price problem as a Stackelberg game, with the supplier the leader and the retailer the follower, led to unique equilibrium solution in wholesale price and ordering quantity, with the equilibrium ordering quantity smaller than the traditional newsvendor one. Chen and Wan [13] examined the impact of financing on the performance of a two-level supply chain consisting of a supplier and a capital-constrained retailer. They set up a three-stage Stackelberg game under a wholesale price contract with a financial market and demonstrated that, in a competitive financial market with symmetric information on the retailer's initial budget, the retailer's operational and financial decisions could be decoupled. Chen and Wang [14] investigated the impacts of trade credit and limited liability on the performance of a two-level supply chain with capital constraints. They found that trade credit contract could create value in a supply chain with capital constraints and partly coordinate the supply chain.
The motivation of the paper comes from the operations practice of Hengda Steel in China, a famous company that affords the goods buy back contract for the capitalconstrained distributor. Buy back guarantee contract is a kind of financing service provided by core enterprise through buy back guarantee of the real goods to facilitate downstream distributor's purchasing, in which core enterprise is the subject of risk control and the basis is the advance payment generated after downstream distributor and core enterprise signing a real business contract.
Our model differs from the previous work in the following aspects. First, we assume that the retailer is capital constraints. Capital flow is an important factor in supply chain, although the extant literatures typically assume that the retailers or distributors are deep pocket. Second, there is no model to discuss the strategy of the distributor and the core enterprise under the buy back guarantee contract (buy back guarantee contract will be discussed in detail in Section 2). In this paper, with the buy back guarantee contract we model the expected profits of the distributor and the core enterprise. Furthermore, we discuss the optimal ordering quantity of the distributor and the optimal wholesale price of the core enterprise, finding that the buy back guarantee contract could create value for the supply chain with capital constraints.
The remainder of the paper is organized as follows. Section 2 gives themodel description and assumptions. Section 3 discusses the expected profit models of distributor and the core enterprise, obtaining the optimal strategy of supply chain. Section 4 illustrates a numerical example.
Model Description and Assumptions
Buy back guarantee contract is a kind of financing service provided by core enterprise through buy back guarantee of the real goods to facilitate downstream distributor's purchasing. Core enterprise is the subject of risk control and the basis is the advance payment generated after downstream distributor and core enterprise signing a real business contract.
Hengda Steel, for example, is a core steel enterprise. If there is a steel distributor with 3 million self-funds wanting to purchase a batch of steel worth 10 million from the core steel enterprise, then it has to apply for fund by chain financing of buy back guarantee with the assistance of core steel enterprise, Hengda Steel Company. The following are the details.
(1) The bank, core enterprise, and distributor sign the contract, and the core enterprise promises to buy back the unsold steel when the bank's acceptance bill (BA) has reached the appointed date. The distributor should remit money into its appointed account in bank and authorize the bank to deduct the sales for financing.
(2) The distributor pays no less than 30% of the payment to core enterprise.
(3) The bank checks the core enterprise's line of credit and ratifies BA to the distributor.
(4) Core enterprise pays the guarantee money of the BA to the bank (generally 30% of the face value) and the core supplier gives it to core enterprise directly.
(5) Core supplier delivers to the distributor after receiving BA and sends the certificate of the steel to the bank. (6) Distributor remits the sales to the appointed account in bank after selling steel to redeem certificates to fulfill selling.
(7) If the distributor sells all steel when the BA is due, the bank withdraws the capital and releases the BA. If the distributor fails to sell all steel at the end of the selling period, the bank releases the BA after core enterprise buys back the unsold steel.
The implemented process is shown in Figure 1 . The dashed box shows that warehousing enterprise is not required.
We consider a simple supply chain with a core enterprise and a capital-constrained distributor. The core enterprise produces a single product and the distributor faces a nonnegative random demand with a distribution function (similar to the model discussed in Cachon (2003) and Lariviere and Porteus (2001)). We formulate the interaction between the distributor and the core enterprise in the framework of a Stackelberg game. at the beginning of the selling period, the core enterprise as the Stacklberg leader and the distributor as the follower sign buy back guarantee contract. After the end of the selling period the enterprise buys back the left goods according to the exposure between bank acceptance and the cash deposit. Let us assume denotations as follows.
: market demand is a nonnegative random variable with probability density function ( ) and the cumulative distribution function ( ), respectively. Suppose the hazard function ℎ( ) = ( )/ ( ) (IFR) and the generalized failure rate (GFR) ( ) = ( )/ ( ), where ( ) = 1 − ( ) is the tail distribution of ( ).
is the ordering quantity of the retailer.
is the unit retail price (suppose = 1).
is the wholesale price (the unit ordering cost).
is the initial capital of distributor.
is the unit production cost.
is the salvage of the product. Without loss of generality assume = 1 ≥ > > .
Result Concerned with the Paper
When the retailer has no capital constraints the profit of the retailer can be written as follows: min{ , } − + ( − ) + . The profit of the supplier can be written as follows: ( − ) .
The optimal decentralized ordering quantity 0 is
The optimal centralized ordering quantity is
We have 0 < . When the capital-constrained retailer (distributor) has no access to the financial market, its optimal ordering quantity is
(see [13] ). Under the trade credit contract the optimal inventory level of the retailer is [14] (
Model Calculations

The Distributor.
The expected profit of the capitalconstrained distributor can be written as follows:
Theorem 1. (i) Under buy back guarantee contract the optimal ordering quantity of the distributor is
(ii) Under buy back guarantee contract the optimal ordering quantity of the distributor * decreases in and .
Proof. Recall that, in the traditional newsvendor model (Hadley and Whitin 1963) with no capital constraints, the optimal ordering quantity of the retailer is (1). That is a first-order optimality condition that requires the marginal revenue of an extra unit, (1 − ) ( 0 ), to be equal to the cost of this extra unit ( − ).
Under buy back guarantee contract, the first-order optimality condition satisfies (6) . Since ( − ) ≥ ( − ) ( * − ), it follows that a distributor (retailer) has a lower marginal cost in this case and * ≥ 0 . It is because that the low demand reduces the distributor's downside risk. Under the trade credit contract the distributor's (retailer's) optimal ordering quantity satisfies (4)
, it follows that * ≥ ≥ 0 ≥ NF . In particular, = 0; the optimal ordering quantity of distributor (retailer) satisfies ( )− ( − ) = 0. It is equal to the optimal ordering quantity under trade credit contract [14] . At this time, the incentive effect of buy back guarantee contract and the trade credit contract is the same. Furthermore, Theorem 1 also shows that the optimal ordering quantity decreases in ; the reason why / < 0 is that the distributor with a low budget has little stake at risk when choosing its ordering quantity in the sense that its potential losses are bounded by ; on the other hand the reason is the incentive effect of the buy back guarantee contract.
Theorem 2. Under buy back guarantee contract the optimal order quantity of distributor
* increases in .
The increase of reduces the random market risk of distributor faces and increases the expected profit of distributor, so the distributor will increase the optimal ordering quantity to raise profit.
The Core Enterprise.
The expected profit of the core enterprise can be written as follows:
Lemma 3. The optimal ordering quantity of distributor satisfies 2 / 2 < 0.
Then
then
where
Since the demand distribution has the property of IFR, Δ 1 > 0:
So 2 / 2 < 0.
Theorem 4.
Under buy back guarantee contract the optimal wholesale price of the core enterprise * can be expressed as follows:
Proof.
From Lemma 3, the optimal wholesale price of the core enterprise can be expressed as follows: Figure 2 gives the relation between the distributor's initial capital and the optimal ordering quantity. We assume that = 1, = 0.8, and = 0.4 and ∼exponential (1/1000). From Figure 2 we know that the optimal ordering quantity * is bigger than , the optimal ordering quantity of the trade credit contract. The optimal ordering quantities * and are both bigger than NF , the optimal ordering quantity of the retailer without financing service. It also indicates that the * decreases in the initial budget of the retailer. These conclusions are all consistent with Theorem 1.
Numerical Example
Let Π NF , Π 0 , Π , Π * , and Π be the total expected profits of supply chain without system finance, the traditional newsvendor model, traded credit financing, buy back guarantee financing, and the centralized decision without finance. With the change of the initial capital, let = 50, 100, 200, and 400; Table 1 gives the optimal ordering quantity of the retailer and the total profit of supply chain system.
Conclusions
Working under the assumption of stochastic market demand and a distributor, that is, capital constraints, this paper has considered the optimal ordering quantity of the distributor and the wholesale price of the core enterprise with buy back guarantee contract in a single stage supply chain system. We compare the optimal ordering quantities of the different financing modes: trade credit contract, the traditional newsvendor model and buy back guarantee contract. The study has highlighted how the capital-constrained distributor could be financed well facing different financing modes and the research results show that the different financing modes bring different expected profits for supply chain system with the capital-constrained distributor. The results could be applied for the distributor and the core enterprise when they make decisions in reality. The paper has also raised the potential for further research into finance contact of supply chain, where more than one distributor and core enterprise can also be considered.
